21
The same samples contained 13 C-depleted lipid biomarkers diagnostic for archaea such as crocetane (δ 13 C down 22 to −101.2 ‰ VPDB) and PMI (δ 13 C down to −102.9 ‰ VPDB), evidencing microbially mediated anaerobic 23 oxidation of methane (AOM). This is further supported by next generation DNA sequencing data, demonstrating 24 the presence of AOM related microorganisms (ANME archaea, sulfate-reducing bacteria) in the carbonate.
25
Embedded corals in some of the carbonates and CWC fragments exhibit less negative δ 13 C values (−8.08 to 26 −1.39‰ VPDB), pointing against the use of methane as the carbon source. Likewise, the absence of DNA from 27 methane-and sulfide-oxidizing microbes in a sampled coral does not support a chemosynthetic lifestyle of these 28 organisms. In the light of these findings, it appears that the CWCs benefit rather indirectly from hydrocarbon-rich 29 seepage by using methane-derived authigenic carbonates as a substratum for colonization. At the same time, 30 chemosynthetic organisms at active sites prevent coral dissolution and necrosis by feeding on the seeping fluids 31 (i. e. methane, sulfate, hydrogen sulfide), allowing cold-water corals to colonize carbonates currently affected by 32 hydrocarbon-rich seepage. . Typically, they thrive at low temperatures (4 -12 ºC) and occur in water depths 37 of ca. 50 -4000 m. CWCs are azooxanthellate and solely rely on their nutrition as energy and carbon sources 38 (Roberts et al., 2009) . Some scleractinian corals (e.g. Lophelia pertusa, Madrepora oculata, Dendrophyllia 3 findings, we propose an integrated model to explain the tempo-spatial and genetic relations between CWCs, 81 chemosynthetic fauna and hydrocarbon-rich seepage in the study area. 82
Materials and Methods

83
This study is based on data and samples from the Pompeia Province that were collected during the Subvent-2 84 cruise in 2014 aboard the R/V Sarmiento de Gamboa (Fig. 1) . In order to elucidate the tempo-spatial and genetic 85 relations between CWCs, chemosynthetic fauna and hydrocarbon-rich seepage in this area, we explored geological 86 features by means of underwater imaging and geophysical data. Based on these findings, we sampled different 87 geological structures (mud volcanoes and coral ridges). All samples were taken with a ROV arm and immediately 88 stored at room temperature (petrographic analysis), −20 degrees (stable isotopic analysis), and −80 degrees 89 (environmental DNA analysis). Subsequently, we conducted detailed analyses on selected sample materials from 90 sites that were characterized by different types of seepage during sampling. These include sites at the Al Gacel 91 MV (D10-R3, D10-R7, D11-R8) and the Northern Pompeia Coral Ridge (D03-B1) ( Fig. 1) . Lipid biomarker analyses of the hydrocarbon fraction were performed with a Thermo Scientific Trace 1310 GC 140 coupled to a Thermo Scientific Quantum XLS Ultra MS. The GC was equipped with a capillary column 141 (Phenomenex Zebron ZB-5MS, 30 m length, 250 µm inner diameter, 0.25 μm film thickness). Fractions were 142 injected into a splitless injector and transferred to the column at 300 °C. The carrier gas was He at a flow rate of 143 1.5 mL min -1 . The GC oven temperature was ramped from 80°C (1 min) to 310 °C at 5 °C min -1 (held for 20 min).
144
Electron ionization mass spectra were recorded in full scan mode at an electron energy of 70 eV with a mass range 145 of m/z 50 -600 and scan time of 0.42 s. Identification of individual compounds was based on comparison of mass 146 spectra and GC retention times with published data and reference compounds. 
Gas chromatography-combustion-isotope ratio mass spectrometer (GC-C-IRMS)
148
Compound specific δ 13 C analyses were conducted with a Trace GC coupled to a Delta Plus IRMS via a 149 combustion-interface (all Thermo Scientific). The combustion reactor contained CuO, Ni and Pt and was operated 150 at 940°C. The GC was equipped with two serially linked capillary columns (Agilent DB-5 and DB-1; each 30 m 151 length, 250 µm inner diameter, 0.25 µm film thickness). Fractions were injected into a splitless injector and 5 transferred to the GC column at 290°C. The carrier gas was He at a flow rate of 20 ml min -1 . The temperature 153 program was identical to the one used for GC-MS (see above). CO2 with known δ 13 C value was used for internal 154 calibration. Instrument precision was checked using a mixture of n-alkanes with known isotopic composition.
155
Carbon isotope ratios are expressed as δ 13 C (‰) relative to VPDB. ridges with a smooth relief ( Fig. 1, B) . CWCs were observed on seismic profiles resting on all these morphological 
208
The Al Gacel MV is a cone-shape structure, 107 m high and 944 m wide, with its summit at 762 m depth and 209 surrounded by a 11 m deep rimmed depression (León et al., 2012) ( Fig. 1, C) . It is directly adjacent to the Northern 210 Pompeia Coral Ridge (Fig. 2, A-B) , which extends ca. 4 km in westward direction (Fig. 2, A-B ) and it is 211 terminated by the Pompeia Escarpment ( Fig. 1, B; Fig. 2, C) . High resolution seismic profiles of the Pompeia 212 Escarpment show CWC build-ups (R1 to R4) with steep lateral scarps of ca. 40 m height ( Fig. 2, C) . This MV is 213 of sub-circular shape and exhibits a crater at its top ( Fig. 2, A-B ). 218 that are exposed, but then taper downward below the seafloor (applying sound speeds of 1750 m/s in recent 219 sediments). Additionally, a multichannel seismic profile following the same track but with higher penetration 220 below the seafloor ( Fig. 3, B) shows high amplitude reflections inside the Al Gacel cone and enhanced reflections 221 at the top of the diapirs (yellow dotted-line in Fig. 3, B) , pointing to the occurrence of gas (hydrocarbon)-charged 222 sediments. It furthermore exhibits breaks in seismic continuity and diapiric structures at different depths below the 223 Southern Pompeia Coral Ridge and the Al Gacel MV, evidencing a fault system ( Fig. 3, B) . These tectonic 224 structures may promote the development of overpressure areas (OP in Fig. 3 
245
Sample D10-R3 derives from a field of carbonates at the base of the Al Gacel MV which is inhabited by sponges 246 and corals ( Fig. 4, A) . The sample is a framestone composed of deep water scleractinian corals (Madrepora and 247 rare Lophelia) ( Fig. 7, A-B) . The corals are typically cemented by microbial automicrite (sensu Reitner et al. 
250
5%) in the skeletons of dead corals ( Fig. 8, A-B) . δ 13 C signatures of the matrix and cements range from −26.68 to 251 −18.38 ‰, while the embedded coral fragments exhibit δ 13 C values between −5.58 and −2.09 ‰ ( Fig. 7, B ; Table   252 2). The δ 18 O values generally range from +2.35 to +3.92 ‰ ( Fig. 9 ; Table 2 ).
253
Sample D10-R7 was recovered from a pockmark on the eastern site of the Al Gacel MV that is influenced by 254 active seepage ( Fig. 3, C) . It consists of black carbonate and exhibits a strong hydrogen sulfide (H2S) odor ( Fig.   255 5, B; Fig. 7, C-D) . The top of this sample was inhabited by living octocorals (Fig. 5, C) , while chemosymbiotic 256 siboglinid worms were present on the lower surface ( Fig. 5, D) . The sample is characterized by a grey peloidal 257 wackestone texture consisting of allomicrite with abundant planktonic foraminifers and few deep water miliolids.
258
The sample furthermore exhibits some fractured areas which are partly filled by granular and small fibrous cement, 259 probably consisting of Mg-calcite. Locally, light brownish crusts of microbial automicrite similar to ones in D10-260 R3 are present (see above). Framboidal pyrite is abundant and often arranged in aggregates ( Fig. 8, C-D) . The 261 carbonate exhibits δ 13 C values ranging from −28.77 to −21.13 ‰ and δ 18 O values from +2.37 to +3.15 ‰ ( Fig. 9; 262 Table 2 ).
263
Sample D11-R8 comes from an area with meter-sized carbonate blocks at the summit of the Al Gacel MV (Fig. 4, 264 D) and is mainly colonized by sponges and serpulid worms ( Fig. 7, E) 
271
Sample D03-B1 is a necrotic fragment of a living scleractinian coral (Madrepora oculata) recovered from the 272 Northern Pompeia Coral Ridge (Fig. 6, D; Fig. 7, G) . The coral-carbonate exhibits δ 13 C values ranging from −8.08 273 to −1.39 ‰ and δ 18 O values from −0.31 to +2.26 ‰ ( Fig. 9; Table 2 ). The hydrocarbon fractions of the carbonate recovered from the active pockmark (D10-R7) mainly consist of the 276 irregular, tail-to-tail linked acyclic isoprenoids 2,6,11,15-tetramethylhexadecane (C20; crocetane), 2,6,10,15,19-277 pentamethylicosane (C25; PMI), as well as of several unsaturated homologues of these compounds (Fig. 10) .
278
Additionally, it contains the regular, head-to-tail linked acyclic isoprenoid pristane (C19).
279
The hydrocarbon fraction of the carbonate recovered from the summit of the Al Gacel MV (D11-R8) is dominated 280 by n-alkanes with chain-lengths ranging from C14 to C33 (maxima at n-C16 and, subordinated, at n-C20 and n-C31) 281 ( Fig. 10) . The sample further contains pristane, crocetane, the head-to-tail linked acyclic isoprenoid phytane (C20) 282 and traces of PMI. Desulfatiglans, Desulfobulbus and Desulfococcus, which typically form consortia with ANME archaea.
300
Archaeal DNA (Fig. 11, B ) from samples D10-R3 and D03-B1 mainly consist of Cenarchaeum sp., which 301 represents 70 -90 %. Candidatus Nitrosopumilus is the second most abundant in both samples, representing 5 -302 20 %. In contrast, around 90 % of archaeal DNA in D10-R7 is related to ANME-1 and ANME-2 groups, in good 303 concordance with the relative abundances of SRB DNA.
304
Details of the number of reads per taxa are shown in the supplementary data, Tables 1 and 2.
Evidence of hydrocarbon-rich seepage affecting the Pompeia Province
307
Two-dimensional multichannel-seismic images show that the Pompeia Province is affected by fluid expulsion 308 related to compressional diapiric ridges and thrust faults (Fig. 3, B ). There seem to be 310 different types of fault-conduit systems that link the overpressure zones (OP) with the seafloor (Fig. 3, B (Fig. 4, B) .
317
Currently, the Al Gacel MV is affected by continuous and focused dripping-like seepages. These sites of active 318 seepage are characterized by carbonates that are suspected to be methane-derived (e.g. sample D10-R7, Fig. 4 and PMI in the carbonate D11-R8 from the summit of Al Gacel MV (Fig. 10) , as well as their moderately depleted 339 δ 13 C values (−57.2 ‰ and −74.3 ‰, respectively; Table 3 ), could be due to mixing effects and thus be in good 340 accordance with varying intensities of AOM in the environment. Also, the presence of only few AOM-related 341 DNA sequences ( Fig. 11) and partly oxidized pyrites in the carbonate D10-R3 from the base of the Al Gacel MV 342 ( Fig. 8, A-B) are well in line with this scenario.
343
There is no evidence for eruptive extrusions of muddy materials at the coral ridges. In the Southern Pompeia Coral 344 Ridge (Fig. 3) , diapirs appear to rather promote an upward migration of hydrocarbon-rich fluids in a divergent 10 way throughout a more extensive seabed area. This results in a continuous and diffused seepage, which promotes (Fig. 3) , similar to coral 353 ridges along the Pen Duick Escarpment (Wehrmann et al., 2011) . The generation of MDAC-hotspots at sites of 354 such seepage also explain the geometry of the downward tapering cones (Fig. 3) . 
Ecological meaning of hydrocarbon-rich seepage for CWCs
356
Our data suggests contemporaneous micro-seepage and CWC growth in the Pompeia Province (e.g. Fig. 4, B) . 
371
Candidatus Nitrosopumilus, Cenarchaeum sp.) and some potential members of the corals' holobiont (e.g.
372
Enterobacteria, Verrucomicrobia, Nitrosococcus sp.) (Sorokin, 1995; Rädecker et al., 2015; Webster et al., 2016) 373 in sample D03-B1 (Fig. 11) . Figs. 3 and 6) . The observation that these systems are in large parts "coral graveyards" (Fig. 6, B (Fig. 5, D) and thriving in mats ( Fig. 4, C; Fig. 6, A) were particularly prominent along 398 this region. These microbes may form a biological buffer by withdrawing reduced sulfur species through their 399 metabolic activity. Likewise, the consumption of methane and sulfate by AOM-microorganisms at active sites also 400 contribute to CWCs colonization of the carbonates by reducing environmental acidification.
374
401
We propose that this biological buffer provides a further ecological linkage between hydrocarbon-rich seepage 402 and cold-water corals along the Pompeia Province ("buffer effect model" : Fig. 12) . This model explains the 403 observed co-existence of non-chemosynthetic corals (e.g. on top of D10-R7 carbonate: Fig. 5 ) with AOM-404 microorganisms and chemosynthetic sulfide-oxidizing organisms at pockmark sites at the Al Gacel MV (Fig. 12, 
405
A). At the same time, it is in line with associations of sulfide-oxidizing bacterial mats, scleractinian corals, and 406 other non-chemosynthetic octocorals at diapiric ridges and coral mounds in the Northern Pompeia Coral Ridge 407 ( Fig. 12, B, C) . The impact and exact capacity of this biological buffer, however, remains elusive and must be 408 evaluated in future studies. Table   771 S1 (bacteria) and Table S2 (archaea). 
